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%RYLQHUHVSLUDWRU\V\QF\WLDO YLUXV %569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WKHPDLQ FDXVHRI UHVSLUDWRU\GLVHDVH LQ \RXQJFDOYHV >@%569 LV FORVHO\ UHODWHG WRKXPDQ UHVSLUDWRU\ V\QF\WLDO








$Q LQWHUHVWLQJ DOWHUQDWLYH WR WKH XVH RI FRQYHQWLRQDO YDFFLQHV IRU WKHSUHYHQWLRQ RI UHVSLUDWRU\ GLVHDVH FDXVHGE\
%569LVWKHDGPLQLVWUDWLRQRIDQWLERGLHVDVSDVVLYHWKHUDS\
$QWLERGLHV SOD\ D PDMRU UROH LQ SURWHFWLRQ DJDLQVW 569 $OWKRXJK LQIHFWLRQ RFFXUV HYHQ LQ WKH SUHVHQFH RI
QHXWUDOL]LQJDQWLERGLHVWKH\DUHFRQVLGHUHGWREHSURWHFWLYHDVKLJKWLWHUVGHFUHDVHWKHVHYHULW\RIWKHGLVHDVHLQERWK




7KH XVH SURGXFWLRQ DQG SXULILFDWLRQ RI WKH HJJ \RON ,J< LV NQRZQ DV ,J< WHFKQRORJ\ >@ ,J< LV WKH RQO\
LPPXQRJOREXOLQLVRW\SHSUHVHQWLQWKHHJJ\RONWKHPDLQVHUXPLPPXQRJOREXOLQLQELUGVDQGLWLVFRQVLGHUHGWREH
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DQFHVWUDO RIPDPPDOLDQ ,J* DQG ,J( >@ ,J< WHFKQRORJ\ KDV VHYHUDO DGYDQWDJHV RYHU FRQYHQWLRQDO PDPPDOLDQ
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7LWUDWLRQ ZDV SHUIRUPHG LQ0'%. FHOOV JURZQ LQ ZHOOV SODWHV 181& &HOO PRQROD\HUV ZHUH LQRFXODWHG LQ
TXDGUXSOLFDWHZLWKORIVHYHQWHQIROGGLOXWLRQVRI%5693ODWHVZHUHLQFXEDWHGIRUGD\VDW&ZLWK&2








































VXEMHFWHG WR 6'63$*(  EORWWHG RQWR DQ ,PPRELORQ 3 PHPEUDQH 0LOOLSRUH DQG EORFNHG 21 ZLWK 3%6
7ZHHQ3%67DQGVNLPPLON$OOVXEVHTXHQWVWHSVZHUHFDUULHGRXWXVLQJWKLVEXIIHU7KHPHPEUDQHZDV














   DQG  IRU VHUXP ,J< DQG    IRU HJJ \RON ,J<$QRQODEHOOHG DQWLERG\
DQWL,J< 6LJPD ZKLFK FDSWXUHV VSHFLILFDOO\ ,J< ZDV XVHG DV SRVLWLYH FRQWURO RI WKH WHFKQLTXH GLOXWHG LQ D
SURSRUWLRQ LQ 7%67  7KHPHPEUDQHVZHUHGULHG DW URRP WHPSHUDWXUHIRU PLQXWHVDQG WKHQZHUH
EORFNHG IRU  KRXU DW &ZLWK EORFNLQJEXIIHU 7%67ZHHQ    VNLPPLON ZWY0HPEUDQHVZHUH
DGVRUEHGZLWKPRFN LQIHFWHG0'%. FHOOV IRU  KRXU DW & ZLWK VOLJKWO\ VWLUULQJ7KHQ WKHPHPEUDQHV ZHUH
LQFXEDWHGIRUKRXU DW&ZLWKGLIIHUHQWGLOXWLRQVRI,J<DQG0HPEUDQHV
ZHUHZDVKHG WLPHVZLWK7%67 IRU PLQXWHVDW & DQGZHUH LQFXEDWHGZLWKDQDQWLERG\KRUVHUDGLVK
SHUR[LGDVHODEHOOHG JRDW DQWLFKLFNHQ ,J< 6LJPD DW D  GLOXWLRQ LQ EORFNLQJ EXIIHU IRU KRXU DW
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EHUHLQIHFWHGZLWK%569HYHQIURPWKHVDPHVWUDLQ$GGLWLRQDOO\QRYDFFLQHVDUH\HWDYDLODEOHDJDLQVW+5697KLV
SRVHVWKHQHHGWRGHYHORSDOWHUQDWLYHDQGFRPSOHPHQWDU\VWUDWHJLHVWRUHGXFHYLUDOLQIHFWLRQDQGIRUWKHWUHDWPHQWRI
WKHGLVHDVH 3DVVLYH LPPXQL]DWLRQDSSHDUVDVDQ LQWHUHVWLQJVWUDWHJ\WRSUHYHQWUHVSLUDWRU\YLUDO LQIHFWLRQVERWK LQ
KXPDQDQGFDWWOH,QWKLVVHQVH,J<WHFKQRORJ\SUHVHQWVVHYHUDODGYDQWDJHVRYHUFRQYHQWLRQDODQWLERGLHVSURGXFWLRQ
V\VWHPV
,Q WKLVZRUN KHQVZHUH LPPXQL]HGZLWK %569 LQ RUGHU WR REWDLQ VSHFLILF DQWLERGLHV WKDW FRXOG QHXWUDOL]H YLUDO
LQIHFWLRQ
7KHNLQHWLFRIVHUXPDQWLERGLHVIURPLQRFXODWHGDQLPDOVZDVDQDO\]HGE\DVHUXPQHXWUDOL]DWLRQDVVD\ ,Q WKHILUVW
H[SHULHQFH ELUGV EHJDQ WR UHVSRQG DIWHU WKH WKLUG LPPXQL]DWLRQ DQG DQWLERG\ WLWHUV FRQWLQXHG WR LQFUHDVH WR D
PD[LPXPRIIRUKHQ$DQGIRUKHQ%DIWHUWKHILIWKLPPXQL]DWLRQ)LJXUHD
,Q RUGHU WR UHGXFH WKH QXPEHU RI LPPXQL]DWLRQV DQG WR LPSURYH WKH LPPXQH UHVSRQVH D VHFRQG H[SHULHQFHZDV
FRQGXFWHG LQZKLFK KHQVZHUH LPPXQL]HGZLWK FRQFHQWUDWHG%569 ,Q WKLV H[SHULHQFH LWZDV SRVVLEOH WR GHWHFW





,W LV LPSRUWDQW WRQRWH WKDW LQ WKHVHFRQGH[SHULHQFH RQO\ WZRGRVHVZHUHHQRXJK WR LQGXFH VSHFLILF QHXWUDOL]LQJ
DQWLERGLHV UHGXFLQJ VXIIHU DQG VWUHVV RI ELUGV FDXVHG E\ UHSHDWHG LQRFXODWLRQV DFFRUGLQJ WR WKH 5V SULQFLSOH
5HGXFH5HILQHDQG5HSODFH>@
7KH SUHVHQFH RI ,J< LQ WKH HJJ \RONV DIWHU SXULILFDWLRQ ZDV FRQILUPHG E\ 6'63$*( IROORZHG E\ ZHVWHUQ EORW
DQDO\VLV7KHUHZDVDVLJQLILFDQWUHGXFWLRQLQWKHQXPEHURIEDQGVLQWKHSXULILHGVDPSOHV7KHEDQGFRUUHVSRQGLQJ
WRVHUXP DOEXPLQ SURWHLQ REVHUYHGLQ VDPSOHVSULRU WRSXULILFDWLRQ SURFHVVZDV HOLPLQDWHG,W LV LPSRUWDQW WR
HOLPLQDWHWKLVSURWHLQJLYHQWKDWDORQJZLWKWUDQVIHUULQDQGO\VR]\PHSUHVHQWLQWKHHJJZKLWHLVUHVSRQVLEOHIRUWKH
DOOHUJHQLF HJJ SURSHUWLHV 7KH ILQDO FRQFHQWUDWLRQ RI ,J< ZDV  PJPO7KH WZRPDMRU EDQGV LQ SXULILHG ,J<














,Q RUGHU WR HYDOXDWH WKH DELOLW\ RI HJJ \RON DQWLERGLHV WR QHXWUDOL]H LQIHFWLRQ LQ YLWUR D QHXWUDOL]DWLRQ WHVW ZDV
SHUIRUPHG,QWKHILUVWH[SHULHQFH)LJXUHDLWZDVSRVVLEOHWRGHWHFW%569QHXWUDOL]LQJDQWLERGLHVDIWHUWKHWKLUG
LQRFXODWLRQUHDFKLQJWKHKLJKHVWWLWHUIRUERWKFKLFNHQVDIWHUWKHILIWKGRVHZKLOHLQWKHVHFRQGH[SHULHQFHWKHKHQ









7KHVHDXWKRUVZDQW WR WKDQN -RVp9DOOHMRV IRUKLV WHFKQLFDO DVVLVWDQFHZLWK WKHKHQVDQG,17$E\VXSSRUWLQJWKLV
ZRUN
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